The hormone corticosterone (CORT)) has been hypothesized to be linked with fitness, but the 23 directionality of the relationship is unclear. The "CORT-fitness hypothesis" proposes that high 24 levels of CORT arise from challenging environmental conditions, resulting in lower reproductive 25 success (a negative relationship). In contrast, the "CORT-adaptation hypothesis" suggests that, 26 during energetically demanding periods, CORT will mediate physiological or behavioural 27 changes that result in increased reproductive investment and success (a positive relationship).
INTRODUCTION
Within and among species individuals vary in the strategies used to maximise fitness, by Glucocorticoids (GCs) have been hypothesized to be a mediator of the trade-off 48 between current and future reproduction (Wingfield et al., 1998; Bleu, Gamelon & Saether, 2016;  Nestling measurements 156 Beginning on day 12 of incubation (incubation day 0 = first day no new eggs were laid, and eggs generally blind to the experimental treatment, but not during statistical analysis. Sample sizes 225 were determined by the number of breeding individuals in our study population that could be 226 captured. To improve normality, all CORT values were loge transformed; all other metrics were 227 untransformed. Raw means are reported ± SE. Sample sizes varied among analyses because we 228 were not always able to collect all measurements from all individuals. We included 'year' as a 229 factor only in analyses of maternal CORT during incubation (CORTinc), because during the 230 nesting phase (CORTnest) we measured CORT in one year only (2016) . 231 We constructed our statistical models including only main effects that were of likely 232 biological importance; as such, not all two-way interactions were included. We report outputs 233 from global statistical models. Because we had explicit hypotheses, and because none of our 234 response variables was correlated, we did not to use a post-hoc correction for the number of tests 235 performed (Perneger, 1998; Streiner, 2015) .
237
Morphological and hormonal measures of adult females 238 We ran preliminary tests to determine whether females that had been assigned to CORT or Sham 239 treatment groups differed in pre-implant body mass (measured at time of implant; females in the 240 Control group were not captured prior to incubation and thus there was no pre-implant mass 241 measurement). To test for possible differences in body size among treatments, we compared a 242 female's wing length (measured pre-laying in the CORT and Sham treatments, and during early 243 incubation in the Control females). Finally, we tested for differences in clutch initiation date in SY; After second year, ASY) as the predictors. We did not include any interactions terms as they 248 were not of a priori interest.
249
Implanted females recaptured during incubation may have differed phenotypically from 250 individuals that abandoned their nests (and were never recaptured). To test this, we ran a 251 generalized linear model (GLM) with binomial errors, with recapture status (recaptured/non-252 recaptured) as the dependent variable, and treatment and year as the fixed effects. To test 253 whether the total number of individuals that subsequently laid eggs differed between the CORT 254 and Sham maternal treatment groups, we used a chi-square test (because Control females were 255 only captured post-egg laying, they were not included in this analysis).
257

Maternal baseline corticosterone during incubation and nestling stages 258
To test whether treatment affected maternal CORT levels within each breeding stage (incubation 259 and nestling), we used linear models (LM) with either CORT during incubation (from hereafter 260 CORTinc) or CORT during the nestling stage (CORTnest) as the response variable and maternal 261 treatment, age, site, sample time (time from initial contact with bird to end of blood sample), and 262 clutch initiation date (in Julian days) as fixed effects. We had no a priori predictions regarding 263 interactions, so none was included in the models. 264 We analyzed CORTinc and CORTnest separately because CORTnest was only measured 265 in 2016. Baseline CORTinc measurements (N=56) had one suspected outlier (121.22 ng/ml) 266 removed prior to analysis. This value was > 3 standard deviations from the mean; considerably 267 higher than the 0.5 to 14 ng/ml range reported for previously (Franceschini et al., 2008; Ouyang 268 et al., 2011; Patterson, Winkler & Breuner, 2011; Madliger et al., 2015) . Preliminary analyses were run with and without this outlier, and although no difference was found in the pattern of 270 significance of parameters, we chose to exclude it. Additionally, we included an interaction between nestling sex and CORTnest. Measures of female survival 304 We estimated female survival by using the return rates of adult females to the study sites the 305 following spring and comparing this with CORTinc or CORTnest during the previous year in 306 separate models. Return rate (either 0 or 1) was the response variable in a general linear model treatment (CORTnest: p=0.123; treatment p=0.372), although nestlings at the Nature Area site 362 tended to be heavier (Site: p = 0.092; Table 4 ).
363
The probability of a nestling fledging did not vary with maternal corticosterone levels 364 measured during either incubation (Fledging success (A), CORTinc: p = 0.257) nor the nestling 365 phase (Fledging success (B), CORTnest: p = 0.590). Similarly, maternal treatment had no effect Table 4 ). Table 1 , because only females with corticosterone measurements were included. The probability 376 that a female returned increased with her number of fledglings in the previous year (Return rate 377 (A): p=0.015; Return rate (B): p = 0.007; Table 5 ).There was no significant effect of CORTinc,
378
CORTnest or maternal treatment on the likelihood of a female returning to the nest sites the 379 following year (each, p > 0.50, Table 5 ). There was no significant difference by treatment or year 380 in the number of females that returned (c 2 =1.039, df=2, p>0.05; 2015 returns: 2 Sham, 1 CORT, Maternal corticosterone levels during incubation 392 We tested for a relationship between maternal corticosterone levels during incubation 393 (CORTinc) and clutch mass (as a single measure of reproductive investment), and hatching 394 success and survival to fledging as measures or reproductive success (Bonier et al., 2009b; 395 Schoenle et al., 2017) . We found no relation between CORTinc and clutch mass, however, 396 female tree swallows with higher CORTinc levels had greater hatching success (albeit not 397 significantly so, P = 0.061), but not higher fledging success. The positive relationship we 398 detected with hatching success (if real) may be due to CORT mobilizing energy stores, and thus 399 allowing for increased reproductive effort (Riechert, Becker & Chastel, 2014) . However, positive 400 (common terns Sterna hirundo) (Riechert, Becker & Chastel, 2014) , negative (zebra finches) 401 (Khan, Peters & Robert, 2016) , and null relationships (red-winged blackbirds) (Schoenle et al., 402 2017) have all been reported between maternal CORT and hatching success. Differences in the 403 directionality of the relationships are presumably due to various environmental factors, including 404 weather conditions (Schoenle et al., 2017) and/or food availability (Riechert, Becker & Chastel, A lack of relationship between CORTinc and fledging success contrasts with positive 407 relationships reported in eastern bluebirds (Burtka et al., 2016) and blue tits (Henderson et al., 408 2017). However in tree swallows, both negative (Bonier et al., 2009b) and statistically non-409 significant (Madliger & Love, 2016a) relationships between CORTinc and number of fledglings of CORT into the egg, leading to higher begging rates and body size in nestlings of mothers with 413 higher CORT (Bowers et al., 2016) . However, this would be a plausible mechanism only if 414 CORT levels during incubation correlated with levels pre-laying, as has been found in other tree 415 swallow populations (Ouyang, Hau & Bonier, 2011) ; something we did not evaluate in our 416 study.
417
A positive relationship between maternal CORT and fitness (CORT-adaptation 418 hypothesis) should emerge when CORT levels are increased to meet higher energetic demands 419 associated with reproduction (Bonier et al., 2009a; Crossin et al., 2013; Rivers et al., 2017) .
420
During incubation, individuals may experience more unpredictable stressors than during the 421 nestling stage (Romero, 2002) . For example, challenging environmental conditions such as lower 422 temperatures and scarcer food resources in early spring can cause a negative relationship 423 between both temperature and foraging success and baseline CORT levels, depending on the 424 fitness and environmental measure used (Angelier et al., 2007; Wingfield, Weimerskirch & 425 Chastel, 2010; Ouyang et al., 2015) . Because higher baseline levels may prime the body to 426 perform better under stress, females with higher baseline CORT during incubation in our study 427 may have been better able to meet these challenges (Romero, 2002) . 431 We predicted that if there were a relationship between CORT and reproductive investment and 432 success, it would most likely emerge post-hatch, given the higher maternal energy expenditure 433 required during chick rearing than during incubation (Nilsson & Raberg, 2001; Humphreys, 434 Wanless & Bryant, 2006; Sakaluk, Thompson & Bowers, 2018 ) but see (Williams, 2018) . Bracketed values represent total number of individuals handled/implanted; non-bracketed values indicate sample sizes of birds with implants that were still present when the bird was recaptured during incubation.
Maternal corticosterone levels during chick rearing
Table 2. Factors contributing to variation in corticosterone levels in female tree swallows during incubation (CORTinc) and the nestling stage (CORTnest).
Year was not included for CORTnest, because data were collected in a single year. Statistically significant main effects are in bold. 
Response variable
